Mitochondrial and endoplasmic reticulum (ER) stress, and subsequently activated responses (mitochondrial/ER unfolded protein responses; UPR mt /UPR ER ), are involved in the pathogenesis of sarcopenia. To extend both basic and translational knowledge, we examined (i) whether age-induced mitochondrial and ER stress depend on skeletal muscle type in mice and (ii) whether heat stress treatment, a suggested strategy for sarcopenia, improves age-induced mitochondrial and ER stress. Aged (21-month-old) mice showed more severe mitochondrial stress and UPR mt than young (12-week-old) mice, based on increased oxidative stress, mitochondrial proteases, and mitochondrial E3 ubiquitin ligase. The aged mice also showed ER stress and UPR ER , based on decreased ER enzymes and increased ER stress-related cell death. These changes were much more evident in soleus muscle than in gastrocnemius and plantaris muscles. After daily heat stress treatment (40 °C chamber for 30 minutes per day) for 4 weeks, mice showed remarkable improvements in age-related changes in soleus muscle. Heat stress had only minor effects in gastrocnemius and plantaris muscles. Based on these findings, age-associated mitochondrial stress, ER stress, and UPR mt/ER vary qualitatively with skeletal muscle type. Our results suggest a molecular basis for the beneficial effects of heat stress on muscle atrophy with age in soleus muscle.
Aging leads to a progressive decline in muscle mass, quality, and function, a condition first named sarcopenia by Irwin Rosenberg in 1981. Skeletal muscle is important not only for locomotion but also as an endocrine and metabolic organ, contributing to daily movement and improving systemic metabolism. Because of the many functions of skeletal muscle, sarcopenia is a major risk factor for falls, metabolic disorders, cognitive impairment, loss of independence, and frailty, ultimately impairing the quality of life (1, 2) . Recent evidence from a large-scale cohort study indicated that muscle mass or muscle function predicts both longevity and health span in humans (3, 4) , further supporting the importance of maintaining skeletal muscle mass. Therefore, increased understanding of the etiology of sarcopenia and development of treatment strategies is increasingly important with today's growing aging population. Though the molecular and cellular bases of sarcopenia are not well understood, emerging evidence suggests that dyshomeostasis in mitochondria and endoplasmic reticulum (ER) and disruption of their networks may trigger agedependent skeletal muscle wasting. Mitochondria and ER, therefore, represent new therapeutic targets for sarcopenia (5, 6) .
Mitochondria contribute to important biological processes including energy production and ion handling. It is well known that impairment of mitochondrial function and integrity occurs with age, concomitant with muscle atrophy (7, 8) . Notably, some dysfunctional mitochondria are a major source of reactive oxygen species, inducing cellular oxidative stress, which is concomitant with various physiological and pathological events associated with aging (9) (10) (11) . In particular, a recent study has demonstrated that hydrogen peroxide-induced oxidative stress triggered ER stress in C2C12 myotubes (12) . The ER is an intracellular organelle with various biological roles such as Ca 2+ handling, lipid synthesis, and postsynthetic protein processing (eg, folding, glycosylation, and disulfide bond formation). Accumulation of misfolded, unfolded, and aggregated proteins in the ER results from excessive protein beyond the folding capacity, decreased and dysfunctional ER chaperones and enzymes, and environmental and nutritional challenges. Such conditions that disrupt ER homeostasis are referred to as ER stress. Generally, in response to ER stress, the unfolded protein responses (UPR ER ) are activated. In these responses, ER chaperones and enzymes are upregulated to restore folding capacity, and apoptotic and/or autophagic cell death is induced to clear the excessive accumulation of misfolded or unfolded proteins (13) (14) (15) . However, several studies have demonstrated unique age-dependent changes in ER function. For example, aging reduced the content or activity of ER chaperones and enzymes and increased cell death marker protein levels in the brain, liver, and soleus muscle (16) (17) (18) . These reports have indicated that aging led to decreased ER function in various tissues, ultimately resulting in severe ER stress. Hyperactivation of apoptosis or autophagic cell death can be a major factor in the pathogenesis of skeletal muscle atrophy (19, 20) . Therefore, based on the current understanding in the field, optimization of "the mitochondrial stress (oxidative stress)-ER stress-cell death axis" would be a potentially effective therapeutic approach to prevent muscle wasting with advancing age.
It is well accepted that exercise is the best way to combat sarcopenia (21) . However, not all aged people can participate in regular physical training for various reasons such as low motivation and locomotor impairments. Therefore, effective therapies mimicking exercising are in demand. A previous animal study has demonstrated that heat stress treatment counteracts age-associated muscle (soleus) wasting (22) . However, the underlying molecular mechanisms of its effectiveness have not been identified. We have previously found that daily heat stress treatment rescued denervation-induced accumulation of oxidative stress and adaptive mitochondrial quality control response including mitophagy, which is mitochondrial selective autophagy (23) . Others have reported that overexpression of mitochondrial heat shock proteins (HSPs) attenuated the accumulation of oxidative stress (24, 25) . These studies suggested that heat stress treatment can reduce aging-induced accumulation of oxidative stress, subsequent mitochondrial quality control responses, and consequent ER stress and adaptive UPR ER . This provides a potential explanation for the molecular basis underlying the beneficial effects of heat stress on age-related muscle atrophy.
To further understand the mechanism of heat stress effects on sarcopenic muscle wasting, we tested the hypothesis that heat stress improves aging-associated mitochondrial and ER stress and subsequent stress responses in skeletal muscle. Furthermore, to our knowledge, it remains unclear whether aging-associated mitochondrial and ER stress, and their downstream responses, depend on muscle characteristics (eg, fiber type, anatomy, and biomechanics). Therefore, in this study, we conducted our investigations using different types of skeletal muscles, namely, gastrocnemius, plantaris, and soleus muscles.
Materials and Methods

Ethical Approval
This work was approved by the Animal Experimental Committee of The University of Tokyo.
Experimental Animals
Young (8-week-old) and aged (20-month-old) ICR mice (CLEA, Tokyo, Japan) were involved in this study for 4 weeks. Mice were randomly divided into the following three groups: Young control (n = 6), aged (n = 5), and aged with daily heat stress treatment (Aged+HS; n = 5). Also, data from an independent experiment in young mice undergoing heat stress are shown in the supplementary material ( Supplementary Figures 2 and 3 ). Mice were individually housed in cages (16.5 × 9.5 × 10.0 cm) on a 12:12-hour light:dark cycle (dark: 7:00 am to 7:00 pm) in an air-conditioned room (22 °C). All mice had access to standard chow and water ad libitum. At 24 hours after the final heat stress treatment, mice were anesthetized using isoflurane (4% [v/v] induction, 3% [v/v] maintenance, 0.5 L/ min) and sacrificed. Gastrocnemius, plantaris, and soleus muscles were collected, rapidly frozen in liquid nitrogen, and stored at −80 °C until biochemical analysis.
Daily Heat Stress Treatment
Anesthesia during heat stress impairs normal thermoregulation in mice (26) and induces nonphysiological conditions. Therefore, we performed whole body heat stress without anesthesia, as previously described (27) . Briefly, mice were exposed each day to an elevated temperature chamber (40 °C, 30 minutes per day) without anesthesia for 4 weeks. In our previous report, this heat stress method did not affect spontaneous physical activity levels of mice during exposure and did not increase plasma corticosterone, a biomarker for systemic stress, beyond levels induced by low-to-moderate intensity and volume treadmill running (27) . Mice in the non-heat-stressed group were exposed to a chamber with a normal rearing temperature (22 °C). Mice had no access to food or water during these treatments.
Rectal Temperature Measurement
After the first heat stress treatment, mice were immediately anesthetized and rectal temperature was measured using a thermocouple (E52-CA20AY D = 3.2, Omron, Tokyo, Japan) connected to a data logger (GL200, Graphtec, Yokohama, Japan). The duration of anesthesia was less than 30 seconds.
Citrate Synthase Activity
Maximal citrate synthase (CS) activity was determined in whole muscle homogenates. Frozen and crushed muscle specimens were homogenized in 100 (v/w) of 100 mM potassium phosphate buffer. Maximal CS activity was measured spectrophotometrically (28) and normalized against the total protein concentration.
Western Blot Analysis
Muscle samples were homogenized as previously described (29) in lysis buffer (1% [v/v] Triton X-100, 50 mM Tris·HCl, 1 mM ethylene diamine tetra-acetic acid, 1 mM ethylene glycol bis(2-aminoethyl ether)tetraacetic acid, 50 mM sodium fluoride, 10 mM sodium 3-glycerol phosphate, 5 mM sodium pyrophosphate, and 2 mM dithiothreitol pH 7.5) containing a protease and phosphatase inhibitor cocktail (Thermo Fisher Scientific, Waltham, MA). Protein concentration was measured using the Bradford method. Equal amounts (5-15 µg) of protein were separated by standard SDS-PAGE (7.5%-17% [w/v] polyacrylamide gels) and transferred to a polyvinylidene difluoride membrane (Hybond-P, GE Healthcare, Little Chalfont, UK). Protein transfer efficiency was confirmed and normalized by Ponceau S (P7170-1L, Sigma-Aldrich, St. Louis, MO) staining. Membranes were blocked with 3% (w/v) bovine serum albumin in Tris-buffered saline containing 0.1% (v/v) Tween 20 (TBST) for 1 hour and then incubated overnight with the primary antibodies described in the following paragraph. After incubation, membranes were washed with TBST, incubated for 1 hour at room temperature with secondary antibodies (A106PU or A102PT, American Qualex, San Clemente, CA), and washed again with TBST. Chemiluminescence reagents (34080, Thermo Fisher Scientific) were used for detection. Chemiluminescence-developed blots were scanned and quantified using ChemiDoc XRS (170-8071, Bio-Rad, Hercules, CA) and Quantity One (170-9600, version 4.5.2, Windows, Bio-Rad). Blots of 4-hydroxy-2-nonenal (4-HNE)-conjugated proteins were quantified in each lane over the molecular weight range of 25-150 kD.
Primary Antibodies for Western Blotting
The primary antibodies were obtained from the following sources and diluted in TBST containing 3% (w/v) bovine serum albumin: HSP72 (ADI-SPA 
Statistical Analysis
All data are expressed as mean ± SE. If null hypothesis was rejected in the advanced one-way analysis of variance F test, we proceeded to perform Fisher's protected least significant difference test. The multiple comparison test used in this study has been validated for comparison of three groups (30) . All statistical analyses were done by GraphPad Prism (Ver. 6.0, Macintosh, GraphPad Software, La Jolla, CA). Statistically significant differences and trends are defined as p values less than .05 and less than .10, respectively.
Results
Validation and Profile of the Experimental Design
In this study, heat stress treatment sufficiently induced physiological and biochemical responses, based on the acutely increased rectal temperature and increased heat stress sensitive HSP72 expression (31) in muscles (Supplementary Figure 1A-D) . Furthermore, we confirmed that heat stress did not affect body weight and total chow intake (Supplementary Figure 1E and F) , both of which could, if changed, affect the cellular responses of interest.
Aging decreased absolute muscle mass and, in some cases, sarcopenic index (muscle mass per body weight) in gastrocnemius ( Figure 1A and D), plantaris ( Figure 1B and E), and soleus muscles ( Figure 1C and F) , indicating that age-dependent muscle atrophy was modeled in our experimental system. Furthermore, heat stress increased absolute muscle mass and, in some cases, sarcopenic index in gastrocnemius ( Figure 1A and D) , plantaris ( Figure 1B and E), and soleus muscles ( Figure 1C and F) , supporting a previous report that heat stress prevented muscle atrophy with aging (22) .
To provide a muscle profile from the perspective of mitochondrial volume, we measured maximal CS activity in muscles ( Figure 1G and I). Aging-induced statistical changes in maximal CS activity were observed in only plantaris muscle ( Figure 1H ). Nonetheless, as expected, maximal CS activity in soleus and plantaris muscles tended to be higher than that in gastrocnemius muscle ( Figure 1G-I) . Taken together, these observations indicated that further investigation of mitochondrial and ER stress and subsequent responses would be of interest in our experimental model.
Oxidative Stress and the Mitochondrial Quality Control Response
Accumulation of oxidative stress is regarded as an index of mitochondrial toxicity or stress (32, 33) . To investigate mitochondrial oxidative damage, we first measured the conjugation of 4-HNE, an oxidative stress marker, to proteins. Aging significantly increased the levels of 4-HNE-conjugated proteins in plantaris ( Figure 2B ) and soleus muscles ( Figure 2C ), but there were no significant effects in gastrocnemius muscle (Figure 2A ). Heat stress partially attenuated the age-associated increase in 4-HNE-conjugated proteins, especially in soleus muscle ( Figure 2C ). Cellular accumulation of oxidative stress depends on the balance between reactive oxygen species production and antioxidant capacity. We next measured protein levels of an antioxidant enzyme, SOD2. SOD2 levels were unchanged by age or heat stress treatment in gastrocnemius, plantaris, or soleus muscle (Figure 2A-C) .
Mitochondrial quality is maintained by mitochondrial stress responses. These responses include the mitochondrial unfolded protein responses (UPR mt : increases in mitochondrial proteases and chaperones) at the molecular level and mitophagy (mitochondrial selective autophagy) at the organelle level. We measured the expression of marker proteins associated with UPR mt (mitochondrial proteases HtrA2 and CLPP and mitochondrial chaperones HSP60 and mtHSP70) and mitophagy (mitochondrial E3 ubiquitin ligase, Parkin). Aging did not significantly affect mitochondrial proteases, based on HtrA2 and CLPP levels, and mitochondrial E3 ubiquitin ligases, based on Parkin levels, in gastrocnemius muscle ( Figure 3A) . These parameters increased slightly with age in plantaris muscle ( Figure 3B ). In gastrocnemius and plantaris muscles, heat stress did not affect the levels of proteins associated with mitochondrial quality control such as HtrA2, CLPP, and Parkin ( Figure 3A and B) . In contrast, in soleus muscle, aging increased the levels of these proteins ( Figure 3C ). This age-dependent increase was attenuated to levels comparable with those in younger mice, after heat stress treatment ( Figure 3C ). Heat stress either increased or showed a tendency to increase mitochondrial chaperones (TRAP-1, HSP60, and mtHSP70) in gastrocnemius, plantaris, and soleus muscles ( Figure 3A-C) .
ER Stress, UPR, and the Response to Heat Stress Are Different Among Muscles
We next investigated ER stress and UPR ER by measuring biomarker proteins such as the ER stress sensors, IRE1α and CHOP, and ER enzymes (Calnexin and PDI). We also measured ER stress-initiated catabolic signaling markers such as those involved in type I (ie, ER apoptotic cell death: cleaved caspase 12) and type II (ie, autophagic cell death: ATG13, ATG5, ATG16L, and LC3-II) programmed cell death.
In gastrocnemius and plantaris muscles, aging increased the levels of IRE1α, CHOP, and PDI ( Figure 4A and B) . Aging did not affect cleaved caspase 12, but it increased the expression of ATG13, ATG5, ATG16L, and LC3-II ( Figure 5A and B) . Heat stress slightly, but significantly, decreased the effects of aging on levels of CHOP and PDI, but it did not affect levels of autophagy-related proteins ( Figure 4A and B). These results indicated, as expected, that aging induced a general and physiological UPR ER . However, the effect of heat stress on aging-activated UPR was limited.
In soleus muscle, aging decreased Calnexin and PDI expression, but it tended to increase the levels of cleaved caspase 12 without any changes in the levels of IRE1α and CHOP ( Figure 4C) . Furthermore, ATG13, ATG5, ATG16L, and LC3-II were upregulated with age in soleus muscle ( Figure 5C ). Heat stress treatment showed either significant attenuation or tendencies to attenuate levels of markers of ER-initiated catabolic signaling cascades such as cleaved caspase 12 ( Figure 4C ) and ATG13, ATG5, ATG16L, and LC3-II ( Figure 5C ). Heat stress, however, did not affect the levels of ER enzymes ( Figure 4C ). These observations showed that aging decreased the capacity to cope with ER stress, leading to severe ER stress and cell death in soleus muscle, which could be rescued by heat stress intervention.
Discussion
Key Finding and Translational Significance
A key finding in our study is that heat stress improved age-induced mitochondrial and ER stress and attenuated the associated activation of catabolic signaling in soleus muscle. This observation may in part explain the beneficial effect of heat stress on age-associated muscle wasting in soleus muscle. Furthermore, our study showed that aging-associated UPR mt and UPR ER were strongly dependent on muscle type. We discuss our data relative to the experimental conditions related to aging, the age-dependent and muscle type-dependent changes in mitochondrial and ER stress, and the potential mechanisms underlying the beneficial effects of heat stress.
Experimental Conditions Relative to Aging
Reports investigating sarcopenia have been inconsistent and controversial (34) . Relevant to our study, there have been reports showing Figure 1 . Skeletal muscle mass, sarcopenic index, and mitochondrial enzyme activity. To investigate the effects of aging and heat stress on skeletal muscle mass, we measured the absolute mass of (A) gastrocnemius, (B) plantaris, and (C) soleus muscles and the sarcopenic indices (muscle mass per body weight) of (D) gastrocnemius, (E) plantaris, and (F) soleus muscles. To determine muscle characteristics from the perspective of mitochondrial volume, we measured maximal CS activity in (G) gastrocnemius, (H) plantaris, and (I) soleus muscles. Values are mean ± SE. To compare groups (YOUNG vs AGED vs AGED + HS), one-way analysis of variance and Fisher's protected least significant difference were performed. *p < .05 vs YOUNG. † p < .05 vs AGED.
either increases or decreases in quantitative regulation of mitochondria and proteins related to autophagy with increased age (34) (35) (36) (37) (38) . It is likely that cellular changes in skeletal muscle with age depend strongly on differences in rodent strain, age, analytical muscle characteristics, and analytical cellular fractions, and these differences may explain the inconsistencies among studies (37) . Therefore, in studies such as ours, it is important to specifically describe the experimental conditions relevant to aging. Our study used 21-month-old male ICR mice as experimental animals, because in our earlier study we had developed a heat stress protocol for this strain (27) . It has been reported that 50% survival, mean survival, and maximal survival ages of ICR mice were 20, 18, and 31 months, respectively (39) . In these mice, we examined the effects of aging and heat stress in gastrocnemius, plantaris, and soleus muscles. Previously, it has been reported that several properties, including fiber type, anatomy, and motor unit recruitment, are different among these muscles (40, 41) . In our study, levels of all tested proteins were measured in the soluble fraction of whole muscle homogenates.
Changes in the Mitochondrial-ER Stress Axis Differed Among Muscle Types
To our knowledge, this is the first study to investigate the effects of aging on mitochondrial stress and responses in various skeletal muscles in the same experiment. Here, the largest increase in 4-HNE-conjugated proteins, an oxidative stress marker, with age occurred in soleus muscle with smaller effects in plantaris and gastrocnemius muscles. In gastrocnemius muscle, the effect was a slight trend, which was not statistically significant. These results support the prediction that mitochondrial dysfunction and oxidative protein damage would be more prevalent in aerobic than in glycolytic fibers, because of the higher baseline mitochondrial content in the aerobic muscle (6, 42) ; Figure 1G -I).
Similar to its effects on oxidative stress, aging increased mitochondrial protease and ubiquitin ligase levels in plantaris and soleus muscles. As expected, these changes correlated with changes in oxidative stress. In contrast, changes in levels of other UPR mt -related proteins, including mitochondrial chaperones TRAP-1, HSP60, and mtHSP70, were not consistent, indicating no change, a decrease, or an increase. This implies that age-associated mitochondrial stress responses are regulated by unique machinery.
Differential sensitivity of UPR ER induced by a high-fat diet has previously been reported in soleus versus tibialis anterior muscles (43) . This suggests that ER stress and UPR ER depend strongly on skeletal muscle type. However, important evidence is lacking as to whether age-associated mitochondrial and ER stress, and their associated responses, vary with muscle type, and therefore with muscle characteristics (eg, fiber type, anatomy, and biomechanics). Therefore, one goal of this study was to test the effects of aging on ER stress and UPR ER in various skeletal muscles, that is, gastrocnemius, plantaris, and soleus muscles. In gastrocnemius and plantaris muscles, UPR ER (increase in IRE-1α, CHOP, and PDI) was observed. This is an effect generally induced by exercise or a high-fat diet in skeletal muscles (43) (44) (45) . However, in soleus muscle, age decreased ER enzymes' expression and increased the levels of proteins associated with cell death and autophagy. This observation supports previous studies reporting similar changes with age in the liver and brain (16, 17) . Importantly, the current study extends and strengthens the ideas that skeletal muscle type is an important qualitative factor influencing ER stress and UPR ER and that mechanisms underlying sarcopenia are potentially different among skeletal muscles. However, further studies are required to understand which differences among muscles types-such as fiber type composition, anatomy, and biomechanical properties-account for these observations.
Effects of Heat Stress on Mitochondrial and ER Stress Responses in Aged Muscle
In this study, heat stress partially attenuated age-induced oxidative stress in soleus muscle. This was consistent with our previous findings that daily heat stress treatment improved denervation-induced cumulative oxidative stress in skeletal muscle (23) . Levels of a mitochondrial antioxidant enzyme, SOD2, were not increased by heat stress treatment. Hence, attenuation of oxidative stress during heat stress may involve suppression of oxidant production. We also demonstrated that mitochondrial stress and quality control responses, including increased mitochondrial proteases and E3 ubiquitin ligase, were attenuated by heat stress in soleus muscle. This suggests that heat stress primarily maintained mitochondrial health, reducing the need for mitochondrial quality control. It is well accepted that major physiological adaptations to heat stress involve induction of HSPs (31) . Mitochondrial HSPs contribute to reducing oxidative stress (24, 25) . We observed that the levels of mitochondrial HSPs were partially increased after heat stress, and that this effect was more significant in gastrocnemius muscle than in soleus muscle. Therefore, we observed an inverse relationship between HSP induction and oxidative stress. Thus, HSPs may not crucially contribute to the suppression of oxidative stress and of the subsequent induction of mitochondrial proteases and ubiquitin E3 ligase in aging muscle.
In gastrocnemius and plantaris muscles, the age-induced general UPR ER including increases in ER stress sensors (IRE and CHOP) and ER enzymes (PDI) tended to decrease with heat stress, suggesting that heat stress improved ER stress. However, the levels of autophagy-related proteins were not affected by heat stress, implying that the contribution of ER stress to autophagy in aged gastrocnemius and plantaris muscles was minor. In contrast, heat stress did not affect marker proteins of ER stress and UPR ER in young animals (Supplementary Figure 3) or in denervated skeletal muscle (Y. Tamura, PhD, unpublished data, 2015) . Therefore, the improving effects of heat stress on ER stress and adaptive UPR ER may not be universally curative in skeletal muscle. Furthermore, it is suggested that the regulatory machinery of ER stress or UPR ER would be unique to aged muscle compared with denervated muscle.
In soleus muscle, the age-induced effects on ER enzymes were not reversed by heat stress, but the age-induced levels of markers of ER stress-related cell death (cleaved caspase12 and autophagyrelated proteins) were normalized. One possible explanation is ER dysfunction, as evidenced by the decreased levels of ER enzymes and increased induction of cell death. A previous report has shown that the ER enzymatic capacity was determined not only by enzyme content but also by enzyme function, that is, specific activity (46) . Reports showing that activity of the ER chaperone, PDI, was impaired by oxidative stress, suggest that it is possible that decreasing oxidative stress led to functional improvements of ER enzymes without a quantitative change, and therefore, to attenuation of consequent ER stress and cell death responses in soleus muscle. Consistent with our results, previous studies have shown that caloric restriction or exercise attenuated oxidative stress and ER-induced apoptotic and autophagic cell death in skeletal muscle (37, 47) . However, the heat stress treatment did not affect food intake over a 4 weeks period. Moreover, in our previous report, the heat stress protocol did not affect spontaneous physical activity (27) . Therefore, the heat stressinduced improvement of age-induced ER stress and UPR ER cannot be explained by caloric restriction or exercise-like effects. In the future, we aim to identify which aspect of heat stress treatment contributes to the improvement of mitochondrial and ER stress.
Limitation and Future Perspectives for Translation
To evolve and translate our present understanding, further research based on larger sample size and focused on muscle quality is required. In the present study, we were preferentially interested in unfolded protein responses; therefore, we have limited functional and qualitative information on muscle to report. Skeletal muscle plays critical roles in various cellular processes in locomotory, metabolic, and endocrine organs. In future studies, multiple measurements and integrative interpretation of skeletal muscle function and quality such as force production, uptake and oxidation capacity of glucose and fatty acids, and secretion capacity of myokines will be very important subjects for extending our current understanding.
Conclusion
We found that aging led to a more severe mitochondrial stress and ER stress phenotype in soleus muscle than it did in gastrocnemius and plantaris muscles. Heat stress attenuated mitochondrial and ER stress, especially in soleus muscle, with minor effects on gastrocnemius and plantaris muscles. These observations support the important insight that in gerontology, mitochondrial and ER stress may be qualitatively dependent on skeletal muscle type. In addition, our findings provide, in part, a molecular basis for the beneficial effect of heat stress on age-associated muscle atrophy in soleus muscle.
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